THE EFFECT OF EXOGENOUS
This paper describes the components of cell-free systems, obtained from the bone marrow of normal rabbits and from the bone marrow and reticulocytes of acetylphenylhydrazine (APH) treated rabbits, capable of incorporating amino acids into trichloracetic acid-insoluble products. The effects of exogenous RNA and DNA in these systems are described.
Materials and Methods.-Bone marrow subcellular fractions: Bone marrow, obtained from either normal New Zealand rabbits or rabbits of the same strain made anemic by treatment with APH, was collected directly into either a sucrose-medium A buffer' or into a Tris buffer medium containing ,s-mercaptoethanol.2 The bone marrow was homogenized at 20C for one min with a motordriven Teflon pestle and centrifuged at 15 ,000 X g for 20 min at 20C. The supernatant solution was centrifuged at 105,000 X g for 2 hr and the resultant microsomal pellet was resuspended by gentle homogenization in the same medium. Both the microsomal suspension and the supernatant solution were recentrifuged at 105,000 X g for 2 hr. The soluble supernatant solution (S-100) was removed, and in some experiments pH 5 fractions and pH 5 soluble supernatant solutions were prepared. 3 The microsomal pellet was resuspended again in a small volume of the same medium. The fractions were used immediately or were either dialyzed against 100 volumes of the Tris buffer for 18 hr at 3VC and stored at -20'C, or stored at 0°without dialysis.
Reticulocyte subcellular fractions: Blood was obtained from APH treated rabbits and the cells were washed with a solution containing 0.13 M NaCl, 0.0052 M KCl, and 0.0075 M MgCl2. Subcellular fractions (ribosomes, pH 5 fraction, pH 5 soluble supernatant solution) were prepared as described by Lamfrom,3 except for the substitution of Tris buffer2 for Medium A.' The fractions were either dialyzed or stored directly as described above.
The protein content of subcellular fractions was determined.4 DNA and RNA preparations: DNA was prepared from the 15,000 X g residue obtained from the bone marrow homogenates.' Microsomal, ribosomal, and soluble RNA were prepared by a modified phenol procedure. 7 RNA samples were hydrolyzed by formic acid in sealed bomb tubes,8 and the hydrolysates were chromatographed on Whatman #4 paper.9
Incubation conditions: The incubation conditions are described in the footnote to each table or figure. The composition of the amino acid mixture was as follows, expressed as mg per cent of Lamino acid: alanine 180, arginine hydrochloride 100, aspartic acid 380, cysteine 50, glycine 400, histidine 500, hydroxyproline 150, isoleucine 40, leucine 130, lysine 330, methionine 50, phenylalanine 260, proline 160, serine 175, threonine 200, tryptophan 60, tyrosine 150, valine 370. The amino acids were dissolved in isotonic saline and the solution was adjusted to pH 7.75 prior to the addition of glutamine 117. (We are indebted to Dr. Henry Borsook for describing the composition of the amino acid mixture.)
At the end of the incubation period samples were either centrifuged to separate microsomes or ribosomes from the soluble supernatant solution or else the entire incubation mixture was treated with 10% trichloracetic acid (TCA). The precipitate was washed twice with 3.5% TCA, and was then dissolved in 0.25 N NaOH. The protein was reprecipitated with 10% TCA, and was washed twice with 3.5% TCA.J In the radiocarbon experiments, the final precipitate was dissolved in 0.2 M NH40H and assayed for radioactivity. Self-absorption corrections were applied.
In the experiments with tritiated valine, the final TCA precipitate was dissolved in one ml of hyamine, the solution was heated at 650C for 2 hr and one ml of methanol was added. Radioactivity was assayed by standard techniques.
Results and Discussion.-The incorporation of L -valine-U-C 1 into an acidinsoluble product by subeellular fractions obtained from normal rabbit bone marrow is described in Table 1 . With increased concentrations of microsomes the incorporation of valine-U-C'4 was augmented, while marked reduction in amino acid incorporation was noted in the absence of either S-100 or microsomes or in the absence of added ATP and an ATP-generating system. Amino acid incorporation was stimulated by the presence of a mixture of 17 amino acids, in agreement with the findings of Allen and Schweet in a rabbit reticulocyte system."1 Similar results were obtained with subcellular fractions prepared from APH rabbit bone marrow, as shown in Table 2 . Reduction in amino acid incorporation was observed when either GTP, ATP, or ATP and the ATP-generating system was omitted from the incubation mixture. Only a slight decrease in amino acid incorporation was observed when CTP and UTP or the mixture of 17 amino acids was omitted. The latter observation is in agreement with the findings of Korner"2 with rat liver preparations. The optimal ratio of concentrations of magnesium to ATP was found to be 5:1, also in accord with the data of Korner" for rat liver. A fourfold increase in the concentration of ATP eliminated the requirement for an ATP-generating system. The incorporation of tritiated valine into an acid-insoluble product by a subcellular system derived from rabbit reticulocytes is described in Table 3 . In agreement with the data obtained with APH bone marrow, a striking reduction in amino acid incorporation occurred when ATP, GTP, or the ATP-generating system was omitted, although the requirement for the ATP-generating system could not be eliminated by increasing the concentration of ATP fourfold. As in the bone marrow system, a magnesium to ATP ratio of 5:1 was found to be optimal. The omission of CTP and UTP did not affect the incorporation of amino acids, while the addition of RNase resulted in almost complete inactivation of the system. Amino acid incorporation was not enhanced by addition of the amino acid mixture, even when dialyzed subcellular fractions were used. The basis for the difference in the effect of amino acid addition in the several subcellular systems is not apparent.
The subcellular components required for amino acid incorporation have been described by a number of investigators, and the data obtained from the bone marrow and reticulocyte systems conform with those findings. In the systems under discussion, the omission of microsomal or ribosomal fractions results in a marked diminution in amino acid incorporating ability. However, the consistent observation of amino acid incorporation in the absence of added microsomal or ribosomal fractions may reflect their presence in the high speed supernatant solutions (S-100, pH 5 fraction, pH 5 soluble supernatant solution) and conforms with the observations of Palade and Siekevitz'3 on guinea pig pancreas. When the S-100 fraction of bone marrow or the pH 5 fraction of the reticulocyte was recentrifuged at 105,000 Although the omission of the S-100 fraction from both the normal and APH bone marrow systems results in considerable decrease in amino acid incorporation, the omission of the pH 5 soluble supernatant solution from the reticulocyte system had no effect, suggesting that transfer and activating enzymes in the pH 5 fraction are adequate for the extent of incorporation observed in the reticulocyte subcellular system. Amino acid incorporation was reduced by 50 per cent when the pH 5 fraction was omitted.
The subcellular fractions obtained from bone marrow and from reticulocytes exhibit considerable variation in amino acid incorporating ability from preparation to preparation. The observed differences in amino acid incorporation between bone marrow and reticulocyte preparations may be related, in part, to their nuclease activities, since greater ribonuclease activity has been found in the microsomal and supernatant fractions obtained from bone marrow than that found in reticulocyte preparations. 14 The effect of the addition of various types of microsomal and ribosomal RNA preparations on an APH bone marrow subcellular system is shown in Table 4. A 35-55% increase in amino acid incorporation into one or more components of the isolated supernatant fraction was observed upon the addition of microsomal or ribosomal RNA obtained from reticulocytes, bone marrow, and spleen of APH treated rabbits. Slight stimulation of amino acid incorporation occurred with microsomal RNA obtained from normal rat liver. A similar pattern of stimulation of amino acid incorporation was also observed in the reisolated microsomal pellets in this experiment.
In the rabbit reticulocyte system, enhancement of amino acid incorporation into a trichloracetic acid precipitable product by exogenous RNA has been observed. The data, presented in Figure 1 , reveal a linear enhancement of leucine incorporation by the addition of rabbit reticulocyte ribosomal RNA to an incubation mixture. The specificity of the RNA enhancement observed was investigated by the addition of samples of RNA from diverse sources (Table 5 ). In agreement with the observations in the bone marrow system, a number of microsomal and ribosomal Table 2 except DLvaline-2,3-H' 1.92 X 107 cpm/150 millimicromoles. 5.9 mg of microsomal protein, 2.1 mg of pH 5 fraction protein, and 5.9 mg of pH 5 soluble supernatant solution protein were added to all tubes. Incubated for 60 min at 371C. At the end of the incubation, the supernatant fraction, obtained by centrifugation of the incubation mixture at 105,000 X g for 2 hr, was isolated.
RNA samples enhanced amino acid incorporation. It is of interest to note that rabbit spleen microsomal RNA was most effective in the rabbit reticulocyte subcellular system, while only E. coli sRNA was not stimulatory, even at high concentrations. The ribosomal and microsomal RNA samples used in these experiments had a 260/280 optical density ratio of 1.9-2.1 and contained approximately 62 per cent guanine + cytosine. The protein content of all samples was less than one per cent.
An extension of the studies to include the effect of addition of DNA to bone marrow and reticulocyte subcellular preparations revealed an enhancement of amino acid incorporation resulting from the addition of DNA from normal rabbit bone marrow. The data of Table 6 tions: In a total volume of 0.675 ml, ml. micromoles as in Table 3 except   micromoles as in Table 3 Table 3 tion when 1.0 optical density unit of DNA was included in the APH rabbit bone marrow subcellular incubation mixture, although increased amounts of DNA did not lead to further stimulation. The addition of DNase in the presence of DNA markedly decreased the stimulatory effect. The addition of DNA to a reticulocyte subcellular system is shown in Figure 2 . In contrast to the DNA effect in the bone marrow system, enhancement of amino acid incorporation by exogenous DNA in the reticulocyte system is linear over the range of 1.0 to 4.0 O.D. units. The explanation for this difference is not apparent. Several explanations may be advanced for the observed effects of nucleic acid supplementation. The RNA samples may function as polyanions which protect microsomal structures or they may serve as substrates for endogenous ribonucleases and thus spare microsomal RNA. It is also possible that the added RNA preparations may contain functional messenger RNA. Since Nirenberg and Matthaei7 and Arnstein et al. 15 have suggested that preincubation of ribosomal preparations may be necessary in order to demonstrate the effect of exogenous synthetic polynucleotides, the effect of preincubation was studied with reticulocyte subcellular fractions. When rabbit reticulocyte ribosomal RNA was added to preincubated and nonpreincubated fractions, no augmented enhancement was observed in the preincubated fractions.
Although the mechanism of stimulation by DNA in these experiments is not known, the effect may be a reflection of the presence of RNA polymerase in the erythroid subcellular fractions studied and the exogenous DNA may possibly be serving as a primer for the synthesis of an RNA responsible for augmenting amino acid incorporation. However, the addition of purified E. coli RNA polymerase"6 plus normal rabbit bone marrow DNA to the reticulocyte subcellular system did not enhance amino acid incorporation, although normal rabbit bone marrow DNA serves efficiently as a primer for E. coli RNA polymerase.'7 The species and organ specificity and the mechanism of stimulation of incorporation by exogenous DNA are under investigation. Preliminary experiments suggest that the protein, whose formation is stimulated by the addition of reticulocyte ribosomal RNA or normal bone marrow DNA to the reticulocyte subcellular system, is hemoglobin.
Summary.-Evidence has been presented that subcellular fractions prepared from erythroid tissues of normal and APH-treated rabbits incorporate amino acids into TCA-insoluble material. The addition, to subcellular incubation mixtures, of microsomal or ribosomal RNA from several sources, or of rabbit bone marrow DNA., stimulates amino acid incorporation.
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